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effect on the skin. Such agents include, for example,
antioxidants, sunscreens, a pH buffer and a combination
thereof. While any antioxidant that is chemically compatible
may be used, preferred antioxidants include amino acids
such as glycine, histidine, tyrosine, and tryptophan; imida-
zoles such as urocanic acid; peptides such as D,L.-carnosine,
D-carnosine, L-carnosine and anserine; carotenoids; car-
otenes such as alpha-carotene, beta-carotene, and lycopene;
lipoic acid such as dihydrolipoic acid; thiols such as
aurothioglucose, propylthiouracil, thioredoxin, glutathione,
cysteine, cystine, and cystamine; dilauryl thiodipropionate;
distearyl thiodipropionate; thiodipropionic acid; sulphox-
imine compounds such as buthionine-sulphoximines,
homocysteine-sulphoximine, buthionine-sulphones, penta-,
hexa- and heptathionine-sulphoximine; metal chelating
agents such as alpha-hydroxy-fatty acids, palmitic acid,
phytic acid, lactoferrin EDTA and EGTA; alpha-hydroxy
acids such as citric acid, lactic acid, and malic acid; unsat-
urated fatty acids such as gamma-linolenic acid, linoleic acid
and oleic acid; folic acid; ubiquinone and ubiquinol; vitamin
C and derivatives such as ascorbyl palmitate, Mg ascorbyl
phosphate and ascorbyl acetate; tocopherols and derivatives
such as vitamin E acetate; vitamin A and derivatives such as
vitamin A palmitate; coniferyl benzoate of benzoin resin;
rutic acid; alpha-glycosylrutin; ferulic acid; furfurylidene-
glucitol; carnosine; butylhydroxytoluene; butylhydroxyani-
sole; nordihydroguaiac resin acid; nordihydroguaiaretic
acid; trihydroxybutyrophenone; uric acid; mannose; zinc
compounds such as ZnO, ZnSO,,; selenium; and stilbenes. In
addition the antioxidant may include derivatives such as
salts, esters, ethers, peptides, lipids, nucleotides, nucleosides
of said antioxidants. The derivatives may include, for
example, glycosyl, N-acetyl, methyl, ethyl, propyl, amyl,
butyl and lauryl, palmitoyl, oleyl, y-linoleyl, cholesteryl and
glyceryl esters derivatives. Further, the antioxidants may be
a combination, a physical blend, of salts of one or more
antioxidants.

The amount of the abovementioned antioxidants (one or
more compounds) in the formulations is preferably 0.001 to
30% by weight, particularly preferably 0.05-20% by weight,
in particular 1-10% by weight, based on the total weight of
the formulation.

Another optional agent is a sunblock. Sunblocks are any
chemicals that can reduce ultraviolet light absorption by the
skin. Sunblock may scatter, absorb or reflect ultraviolet
radiation. The addition of a sunblock allows the cooperative
and synergistic operation of the pro-NAD agent and pro-
vides added convenience for the consumer.

The specific type of sunblock is limited to those that will
not interfere with the NAD promoting function of the
pro-NAD agents. Sunblocks and ultraviolet light absorbing,
reflecting, and scattering chemicals are known to those of
skill in the art. Accordingly, while a number of sunblocks are
listed below, the methods and compositions of the invention
are not limited to these sunblocks. Chemicals that are useful
as sunblocks comprise dioxybenzone, ethyl 4-[bis
(hydroxypropyl)Jaminobenzoate, glyceryl aminobenzoate,
homosalate, menthyl anthranilate, octocrylene, octyl
methoxycinnamate, octyl salicylate, oxybenzone, padimate
O, red petrolatum, titanium dioxide, 4-menthylbenzylidene
camphor, benzophenone-1, benzophenone-2,
benzophenone-6, benzophenone-12, isopropyl dibenzoyl
methane, butyl methoxydibenzoylmethane, zotocrylene,
zinc oxide, para-aminobenzoic acid (PABA), cinnamate and
derivatives, analogs and functional analogs of said chemi-
cals. Sunblocks may also be physical blends or chemical
combinations of one or more individual chemicals.
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Optional pH buffers (pH stabilizers) include any known
chemicals suitable for maintaining pH in a pharmaceutical
composition. Such chemicals are known are listed, for
example, in standard chemistry texts (e.g., Scopes, Protein
Purification, Springer-Verlag, New York, N.Y. (1988); see,
e.g., page 243).

In another embodiment, the composition may optionally
comprise a topically active drug such as antifungal com-
pounds; antibacterial compounds; anti-inflammatory com-
pounds; topical anesthetics; skin disease and dermatitis
medications; and anti-itch and irritation-reducing com-
pounds; analgesics; antibiotics; antiseptics; antiparasitics.
Further, the composition may comprise a dermatological
drug such as an anti acne preparations; anti-inflammatory
agents; depigmenting agents, such as monobenzone; derma-
titis relief agents, such as the active steroid amcinonide,
diflorasone diacetate, hydrocortisone, and the like; diaper
rash relief agents, such as methylbenzethonium chloride and
the like; emollients and moisturizers, such as mineral oil,
PEG-4 dilaurate, lanolin oil, petrolatum, mineral wax and
the like; fungicides, such as butocouazole nitrate,
haloprogin, clotrimazole, and the like; herpes treatment
drugs, such as O{(2-hydroxyethoxy)-methyl]guanine; pru-
ritic medications, such as alclometasone dipropionate,
betamethasone valerate, isopropyl myristate MSD, and the
like; psoriasis, seborrhea and scabicide agents, such as
anthralin, methoxsalen, coal tar and the like; steroids, such
as 2-(acetyloxy)-9-fluoro-1',2',3",4'-tetrahydro-11-
hydroxypregna-1,4-dieno[ 16,17-b]naphthalene-3,20 -dione
and 21-chloro-9-fluoro-1',2',3",4'-tetrahydro-11b-
hydroxypregna-1,4-dieno[16z, 17-b]naphthalene-3,20-
dione. Any other medication which is compatible with
pro-NAD agents and which is effective when administered
topically can be incorporated into the method and compo-
sition of the present invention.

Although a method comprising applying a simple solution
of one or more pro-NAD agent in water regularly to skin is
effective to promote DNA repair and preventing skin
deterioration, additional ingredients may be mixed with the
active ingredients to an improved cosmetic effect, applica-
tion effectiveness or as a diluent for the active ingredients.

For example, stearyl alcohol may be added to provide a
lubrication effect up to a concentration of about 15 weight
percent. Cetyl alcohol may be added as an emulsifying and
thickening agent at a concentration of up to about 6 weight
percent. Glycerin may be added as an emollient and humec-
tant at a concentration of up to 18 weight percent. A mixture
of cetyl esters wax, stearyl alcohol, cetyl alcohol, and
glycerin may form a moisturizing cream base, diluent and
carrier for the active ingredients. In addition to the primary
active ingredient, one or more pro-NAD agent, there may be
optional active ingredients that may comprise, for example,
sunscreens, medications, antioxidants and the like.

In addition, preservatives and buffers may be added to
prevent spoilage and maintain pH. Preservatives may
include, for example, methyl paraben, propyl paraben, or
Quaternium-15. In addition, sodium lauryl sulfate may be
added as a wetting and emulsifying agent. Finally,
de-ionized water may be use as a diluent, carrier, and
moisturizer.

Packaging

The composition may, if desired, be presented in a pack
of dispenser device which may contain one or more dosage
units. The pack may, for example, be a container with a
pump dispenser wherein each pump will produce a mea-
sured dosage of the composition. As another example, the
composition may be individually foil or plastic wrapped in



US 6,403,619 B1

17

single dose packages. Photosensitive ingredients may be
protected by opaque packages and heat sensitive ingredients
may be refrigerated as is known in the art.

In another embodiment, the invention is directed to a
method for treating or slowing skin deterioration. In the
method, a pharmaceutical composition comprising a pro-
NAD agent of the invention is administered to a subject in
need of an intracellular elevation of NAD content. The
method may increase intracellular NAD concentration by at
least about 50%, preferable by at least about 100%, more
preferably at least about 200% or about 300%, such as, for
example, about 500% over NAD levels in untreated skin
prior to treatment.

The pharmaceutical composition of the invention may be
administered orally, topically or parenterally. For example,
the administration may be intradermal, subcutaneous, or via
dermal patch or slow release mechanism to the layer of skin
of the mammal.

Another embodiment of the invention is directed to a
process for achieving transdermal delivery of a pro-NAD
agent to the skin. In the process, a pharmaceutical compo-
sition containing one or more pro-NAD agents of the
invention including agents with the following formula:

}|I
#°
C C
H—”/ \(lz/ No—r,
— c—H
\Né

wherein R; may be a hydrogen or any group that can be
enzymatically or chemically removed to generate nicotinic
acid following administration. For example, R; may be a
straight or branched chain alkane, alkene or alkyne of up to
30 carbon atoms in length. For example, if R, is an
unbranched (straight) alkane, it would have the formula
—(CH,),—CH,, wherein n can be any integer from 0 to 29.
R, may contain other functional groups such as, for
example, OH groups, SH groups, COOH groups, NH,
groups and the like. Specific examples of preferred pro-
NAD agents include methylnicotinate, ethylnicotinate,
butylnicotinate, hexylnicotinate, octylnicotinate,
tetradecylnicotinate, octadecylnicotinate. In a preferred
embodiment, the pro-NAD agent has an octanol/water par-
tition coefficient range wherein log P, is between about 5
to about 20, more preferably between 5 and 10. Thus, R,
comprising a straight chain alkane of 14 to 22 carbons (i.e.,
14, 15, 16, 17, 18, 19, 20, 21 or 22 carbons) with log P,
values between 10 and 15 are most preferred.

In another preferred embodiment, the pro-NAD agent
may contain one or more pro-NAD agents with the follow-
ing formula:

|
/O
S L _n
H— C N\
S
\N/

where R, may be a hydrogen or any group that can be
enzymatically or chemically removed to generate nicotina-
mide following administration. For example, R, may be a
carboxylic acid compound of the formula R1-COOH
wherein R; is as described above, and wherein said R, is
linked in an amide linkage as shown below:

w
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|
0
C c H
r—c” N N<
[ C—R,
H—C\_ . 2C—H I

In a preferred embodiment, this class of pro-NAD agents has
an octanol/water partition coefficient (P,,,) range between
log P, of about 5 to about 20; more preferably between
about 10 to about 15.

Another embodiment of the invention is directed to a
process for reducing the cytotoxic effects of DNA damage in
the skin of a mammal by enhancing one or more enzymes
comprising the step of applying to a layer of skin of said
mammal an effective amount of a pharmaceutical composi-
tion comprising a pro-NAD agent, at a concentration suffi-
cient to reduce the cytotoxic effects of DNA damage, and a
pharmaceutically acceptable carrier. The enzyme to be
enhanced by the pro-NAD agent may be, for example, P53,
PARP-1, PARP-2, PARP-3, tankyrase, and V-PARP.

In yet a further embodiment, the invention relates to
inhibition of enzymes, such as any member of the PARP
family, which uses NAD as a substrate. This inhibition is
desirable when a condition, such as cancer, is characterized
by insufficient, reduced, or lack of senescence of cells.
Inhibition of one or more enzyme of the PARP family can
lead to enhancement of senescence, with concomitant alle-
viation of the condition.

The methods, pharmaceutical compositions, and pro-
NAD agents of this invention may be used to treat any
biological subject. The term “subject” refers to an animal, or
to one or more cells derived from an animal. Preferably, the
animal is a mammal, most preferably a human. Cells may be
in any form, including but not limited to cells retained in
tissue, cell clusters, immortalized cells, transfected or trans-
formed cells, and cells derived from an animal that have
been physically or phenotypical altered. In an embodiment,
the methods and pro-NAD agents may be used to treat tissue
culture cells, such as, for example, embryonic stem cells or
lymphocytes to prevent DNA damage. This may be used for
example, to prevent bone marrow cells from mutating in a
bone marrow transplant. Pro-NAD agents may also be used,
for example, to keep sperm, eggs, and zygotes from mutat-
ing during in vitro fertilization procedures.

Other embodiments and advantages of the invention are
set forth, in part, in the Examples which follows and, in part,
will be obvious from this description and may be learned
from the practice of the invention.

EXAMPLE 1

Sub-optimal Niacin Status Results in Skin Cells
with Reduced NAD Content

The effect of culture media containing sub-optimal pre-
cursors of NAD on the NAD content of normal human
fibroblasts and keratinocytes was examined. Briefly, normal
human fibroblasts were cultured with 5% CO, in nicotina-
mide supplemented medium or nicotinamide deficient
medium. The nicotinamide deficient media used was Dul-
beceo’s Modified Eagle Medium (DMEM) made without
nicotinamide supplemented with 5% bovine serum. It may
be made in the laboratory and is also available by custom
ordered from commercial suppliers such as Life
Technologies, Inc. (Rockville, Md.) or Sigma (St. Louis,
Mo.). Nicotinamide supplemented medium is nicotinamide
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deficient media with supplemented with nicotinamide to 33
uUM. After growth of the cells for several days, cells were
extracted and analyzed for NAD content. The results of a
typical experiment, showing that sub-optimal niacin status
results in a decreased cellular NAD content in both human
fibroblasts and keratinocytes are shown in FIG. 4.

General niacin status varies widely in the human popu-
lation. A biochemical assay of niacin status (Jacobson, E. L.
and Jacobson, M. K., (1997) Methods in Enzymology, vol
280, Academic Press, New York, 221-230) has been used to
assess the niacin status of a human population in Malmo,
Sweden. In this assay, niacin status of individuals is deter-
mined by the ratio of NAD to NADP in red blood cells. This
ratio multiplied by a factor of one hundred is referred to a
“piacin number.” Methods for measuring niacin content
(niacin status) are disclosed in Jacobson, E L, and Jacobson,
M K (Meth Enzymol 280, 221-230, 1997) and Jacobson, E
L et al. (J Cell Physiol 99, 417-426, 1979) incorporated
herein by reference. FIG. 5 shows a distribution of niacin
number values in a population of 705 subjects in Malmo,
Sweden. The values for a control group are also shown. The
bars in FIG. 5 represent the range for 95.5% of the control
group. The results show that the general niacin status varies
widely in a human population and that 15% of these indi-
viduals have niacin number values that classify them as
severely niacin deficient.

EXAMPLE 2

Increased NAD Content of Skin Correlates with
less Severe Skin Deterioration

Since the NAD content of red blood cells varies widely
within the human population, the possibility that the NAD
content of skin cells varies widely was examined in experi-
ments that addressed two questions related to skin cell NAD
content. The first question addressed whether the NAD
content of human skin shows significant variation. Non
diseased areas of skin were taken from normal human
volunteers and assayed for NAD content. The data of FIG.
6 shows that skin taken from non-diseased areas of normal
human volunteers varies more than 4-fold in NAD content.

The next experiment was designed to address the question
of whether a correlation exists between skin cell NAD
content and susceptibility to skin deterioration. In this
experiment, non diseased areas of skin from individuals with
lesser deterioration were compared for NAD content with
non diseased areas of skin from individuals with greater
deterioration. The results, shown in FIG. 6, demonstrate that
the NAD content of non-diseased skin from individuals with
more serve skin deterioration (squamous cell carcinoma)
had a significantly lower NAD content than skin derived
from non-diseased skin from individuals with less severe
skin deterioration (actinic keratosis).

EXAMPLE 3

Determining the Correlation Between DNA Repair
Proficiency and NAD Content

Since the NAD content of human skin cells varies widely,
a series of experiments was performed to examine DNA
repair and DNA damage response proficiency of skin as a
function of NAD content. The ability of cells to recover from
the cell killing effects of genotoxic stress depend upon their
ability to repair DNA damage and activate multiple DNA
damage response pathways in response to genotoxic
stresses. Briefly, normal human skin fibroblasts and human
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skin keratinocytes were cultured in control or suboptimal
niacin medium (i.e. nicotinamide deficient media of
Example 1) as described for Example 1 above. This results
in cells with normal or depleted NAD content. Cells were
then exposed to solar simulated sunlight and the ability of
the cells to recover from the different doses of sunlight was
determined by measuring growth of the cells 5 days follow-
ing sunlight exposure.

FIG. 7 shows that human skin fibroblasts and human skin
keratinocytes with a reduced NAD content have a decreased
ability to recover from exposure to solar radiation provided
by a solar simulator. Restoration of normal NAD content by
addition of pro-NAD agents to the culture medium of cells
with a reduced NAD content resulted in restoration of a
normal recovery profile. The DNA repair proficiency as a
function of NAD content has been assessed also by a
technique called a “comet assay.” In a comet assay (O.
Ostling and K. J. Johanson, Biochem. Biophys. Res. Com-
mun. 123: 291 (1984); P. L. Olive and J. P. Banath, Exp. Cell
Res. 221: 19 (1995)), cells are plated out after embedding
into liquid agarose on a carrier and lysed in situ after
formation of an agarose gel. The DNA of the individual cells
is then separated in situ in an electric field. Damaged DNA
containing strand breaks migrates away from the cell
nucleus due to its smaller size and this migration results in
an image where the nucleus appears as the head of the comet
and the broken DNA appears as tail of the comet. The more
degraded the genomic DNA is, the greater the amount of
migration-capable DNA and the longer the “comet tail.”

FIG. 8 shows the analysis of DNA integrity of human
cells as a function of NAD content both in the absence and
following genotoxic stress. The results show the percentage
of “type 3” and “type 4” comets which correspond to the
cells with the highest levels of unrepaired damage. First, the
experiment shows that cells with a sub-optimal NAD con-
tent have a significant amount of unrepaired damage even
without genotoxic stress. Second, cells with low NAD show
much higher levels of unrepaired damage following geno-
toxic stress.

EXAMPLE 4

Human Cells with a Decreased NAD Content also
Have Other Altered DNA Damage Response-
signaling Pathways

As shown in FIG. 3, DNA damage signaling pathways
involving NAD interact with other DNA damage signaling
pathways. One of the major pathways involves the protein
p53. The cellular content of p53 is normally low in the
absence of genotoxic stress, but increases rapidly following
the appearance of DNA strand breaks. Briefly, cells were
grown in control or suboptimal niacin media as described in
Example 1 above, resulting in cells with normal or low NAD
content. The protein of the cells was then extracted and
portions of the extract were separated by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) and p53
protein content was determined by immunoblotting (western
blotting). FIG. 9A shows that the cellular content of p53 in
cells having normal or low NAD content as determined by
immunoblotting for the p53 protein. Cells with a low NAD
content have a much higher content of p53, demonstrating
that a low NAD content results in an alteration of the p53
signaling pathway. FIG. 9B compares the relative content of
p53 following genotoxic stress caused by the alkylating
agent MNNG in cells with a low or normal NAD content. At
6 hours following DNA damage, the p53 content is elevated
relative to the cells with normal NAD content, while at 24
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hours following damage; the p53 content is greatly reduced
relative to cells with normal NAD content.

EXAMPLE 5

Determining the Optimal pro-NAD agent

Two different biosynthetic pathways can elevate the NAD
content of human skin cells. A series of experiments were
performed to determine the possible classes of pro-NAD
agents that may be used for the elevation of skin cell NAD
content by topical application. Any compound that can be
converted to NAD is referred to here as a “pro-NAD” agent.
The pathway for the conversion of tryptophan to NAD
functions only in liver and thus the remaining two pathways
were evaluated in human skin cells. One of these pathways
involves the conversion of nicotinamide to nicotinamide
mononucleotide and then to NAD by the action of nicoti-
namide phosphoribosyltransferase and nicotinamide mono-
nucleotide adenyltransferase, respectively. The second path-
way involves the conversion of nicotinic acid to nicotinic
acid mononucleotide with subsequent conversion to nico-
tinic acid adenine dinucleotide and NAD by the action of
nicotinic acid phosphoribosyltransferase, nicotinic acid
mononucleotide adenyltransferase, and NAD synthase,
respectively.

Based on the above mentioned model, pro-NAD agents
can be grouped into four classes: (1) nicotinamide, (2) any
derivative of nicotinamide that can be chemically or enzy-
matically converted to nicotinamide, (3) nicotinic acid, and
(4) any derivative of nicotinic acid that can be chemically or
enzymatically converted to nicotinic acid. Experiments have
been conducted with three of the four classes described
above using human skin fibroblasts in culture and the results
of a typical experiment are shown in FIG. 11. The results
demonstrate that nicotinamide, nicotinic acid, and four dif-
ferent esters of nicotinic acid can be bioconverted to NAD
by skin fibroblasts. Derivatives of nicotinamide that can be
bioconverted to nicotinamide are expected to serve as pro-
NAD agents based on the results disclosed here for nicoti-
namide.

EXAMPLE 6

The Nicotinic Acid Pathway is Preferred for
Elevation of Skin Cell NAD Content

The experiments of the previous section demonstrated
that two different biosynthetic pathways can elevate skin cell
NAD content. In considering the relative merit of the two
pathways, a tentative conclusion was reached that the nico-
tinic acid pathway may be a preferred pathway. While not
wishing to be bound by any theory, the reasoning in support
of this conclusion is now set forth. This conclusion was
based on the realization that nicotinamide at high levels can
inhibit DNA repair because it is an inhibitor of cellular
PARPs, while nicotinic acid does not affect the activity of
PARPs. The conclusion that elevation of NAD by the
nicotinic acid pathway was preferred was confirmed by
experiments, which examined the effects of high levels of
nicotinic acid or nicotinamide (Nam) on DNA repair, and
other DNA damage signaling pathways. FIG. 12A compares
DNA integrity in cells cultured in normal levels (50
micromolar) or high levels (500 micromolar) of nicotina-
mide following genotoxic stress induced by the alkylating
agent MNNG. It can be seen that the presence of high
nicotinamide results in decreased DNA integrity as a result
of inhibition of DNA repair and DNA damage response
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pathways. The effects of high levels of nicotinamide or high
levels of nicotinic acid on the p53-signaling pathway are
shown in FIG. 12B. The presence of high levels of nicoti-
namide demonstrated abnormally high levels of p53 both in
the absence of and following genotoxic stress while the
response in the presence of high levels of nicotinic acid was
surprisingly similar to the response seen in normal levels of
nicotinamide. These experiments show that the nicotinic
acid pathway is a preferred pathway for elevation of NAD
content of skin cells.

EXAMPLE 7

Topical Delivery is a Preferred Route for Elevation
of Skin Cell NAD Content

The discovery that the nicotinic acid pathway is a pre-
ferred pathway for elevation of skin cell NAD content lid to
a series of experiments to determine if the topical route of
delivery rather than a systemic delivery route is a preferred
route of delivery of pro-NAD nutrients to skin cells. Skin is
at the distal end of the systemic delivery system, oral intake
of pro-NAD nutrients is subject to first pass liver
metabolism, and the uppermost layers of the skin are poorly
vascularized. Each of these factors indicates that very large
oral doses of pro-nutrients would be required to provide
efficient systemic delivery of pro-NAD agents to skin cells.

Experiments were conducted to determine a preferred
method for the elevation of skin cell NAD content by topical
delivery. One goal of the experiment was to develop meth-
ods of sustained delivery of nicotinate to skin cells with
minimal (and preferably no) systemic delivery. To this end,
the design of one preferred pro-NAD agent had the follow-
ing criteria (1) the pro-NAD agent must be sufficiently
lipophilic to effectively partition into and through the stra-
tum corneum; and, (2) the pro-NAD agent must be slowly
converted to nicotinate by skin esterases so that nicotinate
will be effectively converted to NAD by keratinocytes and
fibroblasts.

The first issue considered was the physical-chemical
properties of the pro-NAD agents most desirable for topical
application. The nicotinic acid molecule may not be optimal
because it may be too polar to be effectively delivered to
skin cells topically. Molecules that are too polar may not
effectively partition into the apolar stratum corneum layer of
skin and following passage across the stratum corneum, it
would be expected to rapidly enter the systemic circulation.
A series of pro-NAD agents shown in FIG. 13 were char-
acterized. To evaluate the potential of these pro-NAD agents
to partition into the stratum corneum, the octanol/water
partition coefficients for the methyl, eythl-, butyl-, hexyl-,
and octyl-esters of nicotinate were experimentally deter-
mined.

The octanol/water partition coefficient was determined by
dissolving a known amount of pro-NAD agent in water and
then mixing the aqueous compound with a known volume of
octanol. After mixing for a period of 1 to 18 hours, aliquots
of the water phase were analyzed by HPLC for the amount
of remaining pro-NAD agent. The partition coefficient (P)
was calculated from the following equation:

P, =(C-OWV,JCV,

log P,

ofw’

=log;o((C,-C)CV,))

where C, is the initial concentration in water and C is the
concentration after partitioning. V,, and V, represent the
volume of water and octanol phases respectively. FIG. 14
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shows a plot of log P_,, values versus ester chain length.
FIG. 14 also shows that P_,, values for the tetradecyl- and
octadecyl-esters of nicotinic acid may be predicted by
extrapolation of the results obtained from the experimental
determination of the P_,, values for the shorter esters. The
tetradecyl- and octadecyl-esters of nicotinate have favorable
properties for partitioning into the stratum corneum and
these experiments show that pro-NAD agents with log P,
values in the range of 10 to 15 are optimal for effective
partitioning into the stratum corneum layer of skin.

The next issue considered was the rate of hydrolysis of
topically applied pro-NAD agents to nicotinic acid such that
conversion to NAD can be completed by the pathway shown
in FIG. 11. The rates of hydrolysis of a pro-NAD agent
following topical application can be assessed by evaluation
of local vasodilation following topical application of a
pro-NAD agent. Nicotinate esters do not cause vasodilation
and thus rates of hydrolysis that result in tissue levels of
nicotinate that exceed the threshold for vasodilation can be
detected following topical application. Experiments have
compared the absence or presence of vasodilation (and the
time course of vasodilation when present) for a number of
the pro-NAD agents shown in FIG. 13. For example, appli-
cation of a cream containing 0.05% hexylnicotinate results
in vasodilation with onset at approximately 10 minutes and
duration of approximately 90 minutes. A similar application
of octylnicotinate results in an onset of vasodilation at
approximately 15 minutes with duration of 360 minutes. A
similar application of tetradecylnicotinate does not result in
vasodilation. These experiments indicate that tetradecylni-
cotinate is released very slowly following application. Two
factors are likely involved in the rate of hydrolysis of
topically applied pro-NAD agents, the rate of departure from
the stratum corneum and the rate of hydrolysis by esterases
present in the epidermal and dermal layers of the skin. These
experiments indicated that the longer chain esters of nico-
tinic acid are a preferred method for elevation of skin cell
NAD content.

EXAMPLE 8

The NAD Content of Skin Can Be Elevated by
Topical Application of Pro-NAD Agents

Based on evaluation of pro-NAD agents, proof of prin-
ciple experiments for elevation of skin cell NAD content by
topical delivery were performed using a hairless mouse
model. In brief, tetradecylnicotinate was used for the initial
studies. In the study three daily topical applications of 1%
tetradecylnicotinate cream to the back of the animals and no
cream were applied to the abdomen. Immediately following
the third application, the skin from the back and abdomen
were analyzed for NAD content. Test samples of skin were
frozen in liquid nitrogen and powdered by mechanical
means. NAD content was assessed as described previously
(Jacobson, E L, and Jacobson, M K Meth Enzymol 280,
221-230, 1997; Jacobson, E L et al., J Cell Physiol 99,
417-426, 1979). The NAD assay is based on the principle of
enzymic cycling between oxidized and reduced states, in
which NAD is rate-limiting for a series of amplification
reactions. Total protein was assayed by the Bradford assay.
The results, shown in FIG. 15, show that three daily topical
applications of a cream containing 1% tetradecylnicotinate
to the back of the test animal resulted in a skin NAD content
that was 143% that of a control animal treated with base
cream only. FIG. 15 also show that the NAD content of skin
removed from the abdomen of the treated animal was not
increased, providing proof that the increased NAD content
was due to topical delivery.
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In another experiment, the effect of the number of daily
application of 1% tetradecylnicotinate cream was examined.
Again, application was made to the back of the animal and
the abdomen of each animal served as control. The results,
depicted in FIG. 16, show that the NAD content of skin
removed from the back increased as a function of the
number of daily applications. In contrast, the NAD content
of the abdomen did not increase, providing additional evi-
dence that the increased NAD content was due to topical
delivery of the pro-NAD agent.

It should be noted that in no case were any signs of
toxicity observed as a result of the topical application of
tetradecylnicotinate cream in the experiments shown in
FIGS. 15 and 16.

Other pro-NAD agents may be identified by exposing
cells in culture to candidate pro-NAD agents or by exposing
skin on a test subject, such as a mouse, to the candidate
pro-NAD agent. After a safe and effective dosage is
determined, the candidate pro-NAD agents may be tested on
human volunteers and assayed by skin biopsy samples. The
effectiveness of the pro-NAD agents may be determined by
(a) biochemically analyzing cell lysates to assess the cellular
NAD content or (b) scoring phenotypic or functional
changes in treated cells as compared to control cells that
were not exposed to the candidate pro-NAD agent.

Where analogs and derivatives of a known pro-NAD
agent are to be identified or evaluated, the cells are exposed
to the pro-NAD agent of the invention and compared to
positive controls which are exposed only to the known
pro-NAD agent, and to negative controls which were not
exposed to either the candidate pro-NAD agent or the known
pro-NAD compound.

In order to determine if the pro-NAD agent administered
according to the method of the invention is absorbed into
body tissues, and if so, in which tissue absorption occurs, the
following may be performed. Samples of various body
tissues from a subject, such as a laboratory mouse, were
analyzed for NAD content at increasing hours after oral
administration of a pro-NAD agent. The results of the
measurement are compared to that of control subjects to
determine the percent increase of NAD content. A dose
response curve and a therapeutic index can be developed to
determine the optimal oral dosage.

EXAMPLE 9

The experiments set forth in this example continue the
studies discussed supra. In particular, the role of NAD and
pro-NAD compounds in the cellular response to genotoxic
stress was studied.

Epithelial cells were subjected to genotoxic stress with the
alkylating agent N-methyl-N*-nitro-N-nitrosoguanidine, or
“MNNG?” as referred to supra and hereafter. Epithelial cells
were cultured in the presence of either no MNNG, 10 ug/mL
MNNG, or 20 ug/mL of MNNG, in medium containing
either 0, 50 uM or 500 uM nicotinamide. Percent necrosis
and apoptosis was studied over time, i.e., for 48 hours.
Results are depicted in FIGS. 17A-F. FIGS. 17B and 17E
show normal responses to the MNNG induced genotoxic
shock. When intracellular NAD is depleted (FIGS. 17A and
17D), the response is altered, especially the rate of necrosis.
Intracellular NAD was depleted in these experiments
because the medium in which the cells were cultured con-
tained no added precursors for NAD. Nicotinamide is con-
verted to NAD, but as indicated, none was added in the
experiments depicted in 17A and 17D.

Results are depicted for high concentrations of nicotina-
mide (500 M) in FIGS. 17C and 17F. Normal responses
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were not established in these experiments, due to the inhibi-
tory effect of nicotinamide on PARP; however, in additional
experiments using precursors of the nicotinate pathway, high
concentrations of the precursor did in fact reestablish normal
responses to genotoxic shock.

These results are also shown in FIGS. 18A-18D, wherein
cellular morphology was examined over time, where either
no nicotinamide, 50 M nicotinamide, or 500 4M nicotina-
mide was added. As with the experiments described in FIGS.
17A-F, supra, it is clear that the nicotinamide was involved
in cellular necrosis pathways much more than in apoptosis
pathways.

EXAMPLE 10

These experiments describe studies on oxidative geno-
toxic stress, caused by staurosporin. Cells were contacted
with different concentrations of staurosporin, and were cul-
tured in medium that either contained no nicotinamide or 50
uM nicotinamide. FIG. 19 presents these results, in terms of
percentage survival. “Low NAD” represents the results
obtained with the cells cultured in the absence of
nicotinamide, while “control NAD” refers to those cultured
in the presence of 50 uM NAD. It will be seen that the rate
of cell death is decreased significantly in the presence of the
nicotinamide.

EXAMPLE 11

These experiments describe research on the inhibition of
a PARP, the telomer associated enzyme tankyrase. See
Smith, et al, Science 282: 1484-1487 (1998), and PCT
application WO 99/64606, incorporated by reference, for
discussion of tankyrase per se, and Jacobson, et al, TIBS 24:
415-417 (1999), also incorporated by reference, for a dis-
cussion of the PARP family including tankyrase. In brief,
tankyras enteracts with, and catalyzes polymer specific
modification of the telomer specific protein TRF1. In turn,
TRF1 and TRF2 stabilize G-rich single stranded overhangs
of telomers.

Continued elongation of telomers is required by cancer
cells in order to sustain continued growth. In contrast, as
cells senesce, their telomers shorten. These facts suggested
studies to determine the effect of PARP inhibitors on
tankyrase in cancer cells.

Malignant epithelial cells were grown in the presence of
0.1 M benzamide, which is known to inhibit all PARPs. The
doubling of the cell populations was observed over a period
of time, and compared to a control, which was grown in the
absence of benzamide.

The results are set forth in FIG. 20. After 10 weeks, the
immortalized cells grown in the presence of benzamide went
into “crisis”, i.e., they had stopped doubling. The cells had
lost their ability to proliferate, suggesting an approach to
reducing proliferation of cells, such as malignant cells, or
any cell type expressing a telomer associated PARP.

The foregoing examples set forth examples of some
embodiments of the invention. These include methods for
reducing cell necrosis or cell apoptosis by administering an
amount of one or more pro-NAD compounds, as depicted
and described supra, in an amount sufficient to reduce the
cellular necrosis/cellular apoptosis. Preferably, the com-
pound is administered in an amount sufficient to raise
intracellular NAD levels to normal levels or higher. These
compounds may be administered “as is,” or in pharmaceu-
tical formulations. Depending upon the type of cell to which
the compound and/or composition is to be administered, the
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formulation will differ. Creams, lotions, balms, sticks, etc.,
and other typical formulations can be used for topical
administration to, e.g., the skin and/or scalp. Other formu-
lations can be used when the compound and/or composition
is to be administered to a mucus membrane, to the eye, etc.
Other formulations, including liquids such as suspensions,
micelle or liposome containing formulations, tablets, and so
forth may also be used. These formulations are exemplary
and should not be seen as limiting in any way.

Also a part of the invention is the acceleration of cellular
apoptosis and/or necrosis. As was shown, supra, various
enzymes which employ NAD as a substrate are involved in
DNA repair and the retardation of cell death. While this is a
desirable goal in many therapeutic interventions, there are
others where accelerated cell death is desired. A further
feature of this invention is the acceleration of cell death, via
accelerating cellular apoptosis or necrosis, by administering
one or more inhibitors of enzymes which use NAD as a
substrate. Any of the PARPs may be inhibited in this way,
including PARP-1 and tankyrase. Such inhibitors can be
specific for a particular enzyme, or can be general PARP
inhibitors. Exemplary of inhibitors are benzamide, and
inhibitory concentrations of nicotinamide, compounds
which are processed, intracellularly to produce
nicotinamide, as well as compounds which react with NAD
to render it unavailable to enzymes such as PARP-1,
tankyrase, or other PARP or other NAD dependent enzymes.
The manner of administering the inhibitor, and the formu-
lation thereof, will parallel those set out, supra, with respect
to the administration of pro NAD compounds.

Other embodiments and uses of the invention will be
apparent to those skilled in the art from consideration of the
specification and practice of the invention disclosed herein.
All U.S. patents and applications and other references noted
herein are specifically incorporated by reference. The speci-
fication and examples should be considered exemplary only
with the true scope and spirit of the invention indicated by
the following claims.

We claim:

1. A method for reducing necrosis or apoptosis in a
subject, comprising topically administering to stratum cor-
neum of a subject in need of reduced necrosis or apoptosis
an amount of a pro-NAD compound of formula:

3¢
'
H_(|:|/ \T/ \O_R1
H—cC Cc—H
\Né

wherein R, is an alkane comprising from 14 to 22 carbon
atoms and further comprises at least one functional group
selected from the group consisting of a thiol, alcohol, amine,
carboxylic acid, onium, carboxylic anhydride, carboxylic
ester, acyl halide, amide nitrile, aldehyde, ketone, imine,
other sulfide, halide, nitroso, azide and a diazo group.

2. The method of claim 1, wherein said compound has a
log P, value of from 5 to 20.

3. The method of claim 2, wherein said compound has a
log P, value from 5 to 10.

4. The method of claim 1, wherein said pro-NAD com-
pound is administered in a composition which contains from
about 0.001% to about 10% by weight of said compound.

5. The method of claim 4, wherein said composition
contains from about 0.01% to about 3% by, weight of said
compound.
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6. The method of claim 5, wherein said composition
containing about 1% by weight of said compound.

7. The method of claim 1, wherein said subject is an
animal.

8. The method of claim 7, wherein said animal is a
mammal.

9. The method of claim 8, wherein said mammal is a
human.

10. A method for reducing necrosis or apoptosis in a
subject, comprising topically administering to stratum cor-
neum of a subject in need of reduced necrosis or apoptosis
an amount of n-tetradecyl nicotinic acid ester sufficient to
increase NAD levels in dermal cells of said subject to a level
sufficient to reduce necrosis or apoptosis in said dermal
cells.
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11. The method of claim 10, wherein said n-tetradecyl
nicotinic acid ester is administered in a composition which
contains from about 0.001% to about 10% by weight of
n-tetradecyl nicotinic acid ester.

12. The method of claim 11, wherein said composition
contains about 1% by weight of said compound.

13. The method of claim 10, wherein said subject is an
animal.

14. The method of claim 13, wherein said animal is a
mammal.

15. The method of claim 14, wherein said mammal is a
human.



